suggested recently that this beneficial action of urea may be the result of formation of cyanate from urea and subsequent carbamylation of beta S globin chains in the hemoglobin S molecule.
In this paper, we show that the urea molecule per se interferes with sickling. SS cellsin oxygen-free atmosphere, protected from sickling by ureasugar solutions,were sickled after urease was added. Urea blocks and reverses sickling;ureaprotected sickle cells become sickled after incubation with urease; these effects are reversible and immediate, and are apparent in the deoxygenated state. In contrast, cyanate blocks but does not reverse sickling;cyanate-treated cells are unaffected by urease; these effects are permanent and requiretime; and hemoglobin S must first be oxygenated before carbamylation willoccur. Evi. dently, urea and cyanate interferewith sickling by distinctlyseparate molecular mechanisms.
Possible mechanisms for the action of urea are discussed. was added. Once again, the tubes were deoxygenated as before, for 2.5 to 4.0 h, at 37.0#{176}C. Both tubes were then placed in the oxygen-free glove-bag as before, and wet slide preparations were made of specimens from each tube. The slides were sealed with fingernail polish under anoxic conditions and counted.
Additional Keyphrases

Results
By use of the methods described, in three consecutive cases of homozygous S erythrocytes (kept in oxygen-free atmospheres throughout), erythrocytes were sickled by exposure to nitrogen (Figure 1 ) in the control specimen.
In the experimental tube, deoxygenation by nitrogen in the presence of urea as described restored and (or) maintained erythrocytes in their normal conformation ( Figure 2 ). The subsequent addition of urease and incubation at 37#{176}C resulted in the restoration of sickling ( Figure  3 ). These results were consistently reproducible with homozygous S cells from three different patients (Table 1) .
Discussion
The At least 500 erythrocytes were counted to determine the percentage of sickling. A plausible explanation of the somewhat lower but consistent levels of sickling in the last specimen may be a reduced concentration of the Murayama-Hasegawa sickling co-factor (3). Third, both of the above mechanisms may be involved.
On the basis of available information these views can only be presented as hypotheses, and considerable rigorous study of the problem by physical chemists will be required before the mechanisms at work are understood. A fourth possible explanation for the molecular action of urea in its interference with the sickling event has been recently suggested by Cerami and Manning (18) . Urea ionizes to a very small extent in aqueous solutions to form cyanate ions, and these ions may carbamylate the Nterminal valine amino residues (the natural number one valine residue and not the substituted pathological number six valine residue) in about 25% of the beta S globin chains. This suggestion has already been commented upon (19, 20) . There is no doubt that, in vitro, carbamylation with the hemoglobin S molecule does occur in the presence of potassium cyanate. However, when the modes of action between urea and potassium cyanate are compared ( 
